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DOMimW  OB8«mVATOmY,  OTTAWA 


ORHIT  or  4  I'KRSHI  FROM  Till-;  H  AND  K  LINKS 
liv   I.   H.  Canvmn 

4  IMvRSICI  is  one  of  those  stars  in  which  the  velocities  given 
hy  the  II  and  K  lines  of  calcium  differ  greatly  from  those  from 
the  hroad  lines  f^^  hydrogen  and  helium.  The  >j)ectrum  is 
jilaced  l>y  Mis    ,   .  •>  the  Oe  •'•  H  class      The  lines  showing 

are  those  of  )•>  .lium   and  calcium.     A   few   iron   lines 

ajipear,  hut  'lot  *  .^i-tJicienl  frequency  to  make  them  useful  for 
measurement.  The  hydrogen  and  helium  lines  are  very  hroad 
and  ill-defined,  the  latter  lines  especially  l)eing  very  poor.  The 
calcium  lines  are  fairly  good,  sometimes  l)oth  l)eing  easily 
ineasurahle,  sometimes  oidy  oi.e  and  in  some  cases  neither 
»p]x.'ars  snfTiciently  defined  to  make  measurement  possible. 

TliL'  first  published  measures  of  this  star  appeared  in  Asfro- 
^•hysiial  foumal,  \'ol.  XVIII.,  p.  oS.'^.  I'.K).".,  five  measures  being 
given  of  the  broad  lines  in  an  article  by  I'rofessor  Frost  under 
the  liea.iing  —  "  .\n  Orion  Star  of  (ireat  Radial  Velocity." 
The  range  —  !t  kilometres  --  was  not  considereil  sufficient  ground 
to  pronounce  it  a  binar\ .  Later  in  Asliopliysical Journal.  Vol. 
XXIX..  p.  -*;?6,  Ullt'.l,  I'rofessor  Frost  announced  another 
measure  of  this  star  giving  a  range  of  :'.()  kilcn.etits.  In  that 
note  he  remarked  that  the  II  and  K  lines  have  a  moderate  posi- 
tive velocity  with  a  range  of  about  ■-'•')  kilometres,  these  lines 
differing  greatly  in  the  velocities  shown  from  the  values  deiivcd 
from  the  broad  lines. 

Observations  on  the  star  were  first  inatle  here  in  liHlS,  a  few 
litatesbting  taken.  It  was  tiicn  dri>pped  from  the  observing 
list  niitil  I'.MO,  ami  plates  wtre  taken  in  the  seasons  of  I'.UO  11 
andr.Ul  I-.  .\Uhougli  the 'road  lines  were  nicasureil  at  first. 
—  where  nicasnrenietit  was  possible,— as  well  as  II  .itul  K,  it 
was  not  felt  that  these  diffus^.-  lines  would  be  of  any  aid  in  asccr 


Orbit  of  f  Feisii  fiom  the  II  and  A"  Line 


ivj 


tainiiiR  ai.vthing  in  re>;at.l  to  the  orbit  of  the  star,  an.l  atltfutiot. 
was  Riven  almost  excluMvely  to  the   H  an.l  K   lines  ..f  <akinm. 
These  lints  weic  not  aUva>s  fonml  on  the  J.latts.  l.nt  utr.irally 
one  or  other  of  them  was  xvtll  enon>{h   ilef.ned   to   l.e   measnrc.i 
Of  the  l'.H)S  plates  onlv  two  nave  measures  of  K  which  were  coti 
sidere.1    reliable.     Of    the    later    plates  -  l-.Mll.  1 1   l-'.    41    plates 
were  good  enough  to  be  nscfnl  in  the  determination  of  the  otb.t 
The  later  plates  were  all  S.-e  1  -':'.  and  were  much   belter  than  the 
earlier  one.  of  Seed  27.  aUhonnh   the   fine  grainevl  plate  did  not 
serve  to  make  the  broad    lines  measurable      As   stated    above, 
these  broad  lines  were  me.»sured  at  first.      An  attempt  was  also 
made  to  get  measures  on   the   members   of   the   second   se.ie-.  of 
hydrogen  with  a  view  to  determining  the  wave  lengths  of  these 
lines  in  this  star,  but  the  utter  impossibility  of  anything  .lelinite 
in  this  regard  led  to  the  abandonment  of  the  attempt. 

The  wave  lengths  nse<l  for  H  and  K  weie  ll'.tf.sr.'j:.  and 
.•«»S:VS2.-.  respectively.  K  was,  with  very  few  exceptions, 
stronv-r  than  \\.  Some  plates  were  found  in  which  11  an.l 
K  gave  wi.lelv  difTcrent  results  In  such  a  case,  if  the  lines  were 
dually  pood,  the  plate  was  left  out  of  consideration  if  one  was 
much  better  than  the  other  that  line  was  used. 

(^reat  aid  was  given  in  the  work  by  the  ,-•  of  Veikes 
measures  of  ten  plates  kindly  sent  me  by  Protestor  Frost,  and  of 
nine  more  plates  loaned  by  Professor  Frost  an.l  measnrcl  by  me. 
As  a  check  on  the  measures  of  a  plate  -here  and  at  Yerkes.- 
two  plates  -I  B  141  and  1  H  4(  )•->.- were  measured  at  both 
places.  On  one  of  these.  I  H  4()i.  the  measures  were  praclicallv 
the  same,  but  on  the  .ither  —  not  too  well-defined  ~  a  diiTeretue 
of  ten  kilometres  was  found.  Of  the  nine  plates  taken  at  Vetkts 
and  measured  here,  unfortunately  four  of  them  gave  H  ami  K 
differing  considerably,  while  one  of  them  g.ive  ..nly  11  measur 
able.  Otherwise  the  Yerkes  plates  fit  the  accepte.l  curve  as  well 
as  can  l)e  exjH^cted  from  a  spectrum  which  gives  only  one  and  at 
most  two  lines  on  which  to  base  results. 

Table    I.    gives   Ottawa    Observations;     Table     II      Yerke-> 
Observations. 


190 


/.  B.   Cannon 


Tablk  I.— Ottawa  Ohskrvations 


Plate 


•  974 

•  999 
374" 
i7<>5 
3777 
3l»7 
3JJ6I 
38»i 
39^5 
39»» 
39*9 
3936 
3957 
396* 
3974 
399" 
4020 
4056 
4067 

4SS» 
4634 
464J 
4676 

4'*5 

'7"5 

.7i'l 

47.0 

4745 

47.SX) 

4759* 

4779 

^Sor 

4S19 

^SjS 

4S3> 

4X.?,i 

4X59 

4>>4? 

4J*4'I 

4S5.< 

4S^S 

4X60 

4S-4 


Julian  Day 

l>hatt 

Vcl, 

Wt. 

Line» 

Rnklual 

Rcmarkt 

,4!S,26f.S3 

4  IliO 

+  iSo 

\ 

K 

1 

47' 

2>«)7i 

4f'"i 

♦  20-0 

\ 

K 

+ 

3  4 

'•57''.! 

tr^ll 

"  1"  J 

U 

II  ,\  K 

"-3 

<K>4'*> 

"55* 

t    4-9 

4 

K 

54 

<)7<''*l 

'>''5,5 

+  lf><) 

>i 

il  iV  K 

"•3 

9,111 1'bl 

5  ''5.5 

+  ,5''  " 

i 

II  \  K 

^ 

M-!* 

018  US 

57<M 

1  22  0 

■I 

1 1  \  K 

^- 

0-2 

c>227l» 

iil2i 

,  14  2 

4 

t\ 

r 

I-o 

"4^-54 

I  S22 

*-   75 

■  i 

II  \  K 

cj-4 

"4''' 54 

s^i*,* 

4  j6o 

I 

K 

-i 

I4'4 

"49  55 

1  XSi 

4     27 

4 

K 

5-5 

"srss 

5915 

+  247 

•1' 

K 

+ 

3-0 

"55>7 

"95* 

t   r,j 

4 

K 

- 

2-2  j 

..S(.-SS 

1  -.((li 

f     ^0 

>l 

II  \  K 

- 

49! 

(i-i7(>(i 

(KlSj 

+  1(1-2 

i 

II  \  K 

- 

4-' 

079S'> 

4"S.5 

1^  13-3 

1 

K 

7-0 

(.91 -58 

2-202 

+  150 

I 

K 

+ 

5-** 

102  50 

«>>7.5 

1  Ki-S 

! 

K 

3-J 

lo{i;i 

0242 

+    5-4 

K 

- 

(.-9 

i9jf*9 

*'9i* 

^    4-3 

k 

K 

- 

s-9; 

\lill 

4",5 

+  17-4 

I 

K 

3-3 1 

i^y^- 

5  05.5 

+  ,50-5 

A 

II  \  K 

+ 

7-*' 

34.5 '"> 

4"5.5 

•  •25-I 

1 

II  \  K 

t- 

4-S 

J4474 

5'J3 

+  is->' 

1 

K 

7-4 

,55 '7! 

5'4.5 

+  lO-S 

I 

'\ 

- 

64 

.?77-59 

4  J"  ,5 

T  508 

t 

^ 

-f 

9-3 

;i)o(K) 

*  .5,5* 

t-5-4 

^ 

K 

4-4 

yt*>l" 

|-4>'2 

^  '5-5 

1 

11  \  K 

+ 

7  9 

4".!  5S 

I  -4(12 

+  1 1  u 

\ 

K 
II  \  K 

3  3 

4l2'5o 

J-,57* 

+ 16-8 

■i 

K 

+ 

oS 

4I4<«' 

5-473 

+  18-5 

I 

K 

- 

37 

4.M  ()2 

5  543 

t  21  0 

>* 

K 

~ 

1  -0 

4.'S-5f. 

5  533 

+  15-0 

1 

K 

- 

7-6 

4.54 -5" 

4  5,53 

+  21-8 

■1 

II  A;  K 

"■5 

44.5  5- 

f'-5'J3 

t  21-2 

.1 

K 

T 

44  , 

445  55 

1072 

+  I  I  '9 

^! 

II  >V  K 

■+ 

4-*; 

44'''5.i 

2  65  2 

+    7-3 

I 

II  \  K 

- 

4-2 

4475! 

3 ''53 

•t  21-6 

•  t 

II  \  K 

t 

y(> 

45,5-5" 

2  TV 

.  140 

■  I 

II  .V  K 

+ 

2-0 

45'''5S 

5753 

-rl7-S 

I 

K 

- 

4-0 

4'|"'54 

3-7''3 

r  2  I  •(> 

^J 

II  \  K 

+ 

2-9 

4'>7-.v5 

2  .S22 

+  I4-* 

1    A 

K 

+ 

1-7 

i"-'<-55 

y^M 

.  156 

J    \ 

K 

" 

3-* 

OrM 


of  i  Persri  fitm  Ikf  II  mnJ  A'  /.i«wi 


101 


Plate 


TAflUK    11  —t    I'KK.Sll,    YKKKKS    I'I.ATKS 
MK\SrBKI>   AT    YKBKKS 


Julian  I>»        Hhaie        V«l. 


Wl 


l,!ii«<      KawlJil 


Remark* 


, 

-  — 

-  - 

—   —- " 

Fb 

I 

inl    i 

41 6,384  •«> 

6371 

*" 

■»3 

+  4-5 

IK) 
"41 
179 

404-81 

4II-7S 
4iA7'» 

5-4>*7 
(>V»5 

t- 

<> 
i< 

+     hi 

•■7 

1  Ki-n   Ke>"iM4l        0''. 

ao3 

4  ^o  Ml 

jWll 

"''      ! 

'  'l'4 

»3-»  1 

47"  V) 

<'"'»7  i 

i 

t    0-5 

304' 

j8()f.i 

hip 

,.87 

^t      1 

■f    (17 
ti'  1 

404 

754"  ^ 

? 

4''5 
nil 

J'45-5' 
T.43.!'^ 

5  Sco 

- 

+    4  i 
♦     15 

MKASI  KKI' 


Plate 

Julian  Kay 

MtJM 

Vel. 

\Vi 

1    » 

850 

.•,4I7.4''»'90 

(1055 

•  U-5 

t 

»7'> 

4,y>S4 

(>JOi 

'     45 

i 

<).J5 

580  ■.(;(. 

(r4i)<) 

*'9^^ 

* 

M 

1 19'» 

8()(r.Sl 

1  75'* 

"■5 

i 

r\ 

laoN 

»''7  75 

1  747 

5  9 

K 

I2lb 

S6y7«. 

J  757 

+  '37 

■1 

li  \ 

I2(K1 

i)lo<.8 

2i)7l 

+    3-4 

II 

I2S9 

9J6  58 

AV^x) 

+    7-Q 

I 

K 

'35" 

'/"  5' 

5'M 

+  l8<i 

' 

K 

MAldlui 


Remarks 


ij'7    =     •    K  'lirtrr 


'I  |»  luslil*     1    »« 


The  period  finally  deciUetl  on  after  a  k' 
6'.t.")l    days.     There   are   some    fairly   large 
probable  error  of  an  average  plate  is   ♦  3  (1, 
factory  when  one  considers  that  many  valii' 
one  line  which  is  not  always  very  well  defii 

The  observations  were  grouped  into  v 
appear  in  Table  III.     (The  phases  are  froi.i 
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I'relimiiury  elenieirts  for  the  orbit  follow 
I'triod       •>•''   ■  »lays 
•I 


A' 
T 

y 


7"7'')  km. 

2,41H,24'J:{49  J.  I). 
+  ].')  '.f2  km. 


Ohs-rvation  eiiuatioiis  were  formed  and  normal  eciiiations 
from  thtm,  and  a  solution  put  through  with  the  object  of  Retting 
a  closer  approximation  to  the  true  orbit.  This  resulted  in  cor- 
rectiiiiis  to  the  elements  as  follows  :— 

8  y   -.    -    02 

8  A'-     '     CH) 

8  «■   =    -     11 

So.   =    -22^  47 

8  7"=-   •4'.Mi  days. 

There  is  one  peculiarity  about  these  corrections,  S  <■  has  the 
value  -  11  whereas  the  preliminary  value  is  only  1.  This 
would  seem  to  indicate  that  the  orbit  is  circular  and  <u  indeter- 
minate. This  will  be  further  seen  from  the  oscillations  in  t.  f 
value  of  cu  in  the  following  operations.  New  preliminarv  values 
were  taken  in  which 


Ihhil  of  i  Pftsfi  fn'Ki  tfif  11  and  A'  I  nin 


v.n 


;■' 


e  -^  o:> 

A'       7  7.">  km. 
/•-  2,n8,2r  tlt'T  J    1>. 
y        l'>t»G  icin 

It  tiiinht  he  stated  lare  that  the  vahje  of  S /^: ;  was  rnluccil 
hy  the  sohitiDii,  the  corrected  (■  luiiin  taken  as  /vro,  fri>'ii  74  7 
to  7.{  2.  With  thf  Mcw  prclitninariei  the  valui-  wa-  7- •'>.  It 
was  ap])arent  that  .ly  solution  woitUI  fail  to  make  nimh  rediictinti 
in  the  value  of  "i  piv  the  sign»  Uinv;  well  tlistril' uil  in  the  n-i 
dual*.  However  a  least  squares  solution  was  niadt  with  the  new 
preliminary  values.    The  resultinj;  corrt.  •ons  were  as  follows  ; — 

8  y   =   +    '-W  km. 
8A'=  +    IJkm. 
8  <•   =    +  OJl'. 
8  u)  =    -I-  sl^  .Ml 

h  r     +  i-.'.ii  d.is-. 

whence  we  obtain  the  new  values  — 

y  l.')4()kni. 

A'  7S7  km. 

e  •<>7-J 

..I  Hl^-.sd 

T  -JJls.-JlK  lis  J,  I). 

It  is  rather  strange  that  »■  and  «>  slionUl  have  con.i.-  ii.uk  to 
so  nearly  the  original  value.  %  f>iv  w.is  reduced  from  7  ■_'■">  to 
(i9"">.  The  .i^jreenient  between  computed  and  ol)servation 
e<|Uation  residuals  was  bad  and  a  tliird  solution  was  made  tor  the 
sake  of  completion.      The  corrections  found  were  : 


8y     - 

■IK)  km. 

8A'- 

•    KOkm. 

8  e   = 

-    MKIH 

8  «  - 

-  42^G-2 

8  7"- 

-   -SlOdavji 
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and  hence  the  final  elements  — 

P  =  C'jr>l  (lays. 
A'  =  7s7  km. 
y  =   l.')-JOkm. 
e   =    O-'A 
o,  =  !»9"i.S 
T  =  2,418,248-308 

A  summary  follows  showing  results  of  the  vatious  solutions 
made  in  the  determination  The  probable  errors  of  the  elements 
are  added  in  the  last  column 
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Ofdil  of  i  Persei  horn  the  H  and  A'  /  ines 


After  the  completion  of  the  orbit-determination  from  the 
calcium  lines,  the  results  from  the  broad  lines  were  reviewed. 
The  iliffussness  of  the  lines,  however,  and  conse(|uent  uncertainty 
of  the  measures  from  tliem  made  it  quite  impossible  to  secure 
any  reliable  information  from  them.  Some  information  in  regard 
to  these  lines  would  have  been  very  interesting,  hut  it  seetns  that 
so  far  we  must  l)e  content  with  the  one  fact  which  seems  assured 
—  the  broad  lines  show  a  much  higher  positive  velocity  than  the 
H  and  K  lines. 

In  conclusion  I  wish  to  thank  Dr.  King  for  the  interest  he 
has  shown  during  the  progres.s  of  this  work. 

Dominion  Oh.serv.vtory, 

()TT.\W.\,    C.\NAI).\ 

June,   1912 


